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Abstract 
This study focuses on the improvement of the accuracy and construction of a real-time, short-term rainfall prediction 
system in watershed, comparing the prediction results with radar observed rainfall intensity, to provide a reliable 
tool for disaster and water resource management. The short-term prediction of rainfall is very important for 
hydrologie forecasting for watershed with a short response time, especially under the global warming and extreme 
weather. Last September 9th (2015), heavy rain came a day after Tropical Storm Etau and triggered widespread 
flooding in Kinu Watershed. We use the Weather Research and Forecasting Model (WRF) to confirm the 
uncertainty of the rain prediction in Kinu watershed first, then will modify the WRF to suit the 6h, 12h, 24h rainfall 
prediction in Kinu watershed. Also, radar rainfall data will be employed to correct the WRF prediction in real-time 
meaning. Finally, we will check the possibility of general application of the system in other watersheds. We now are 
working on reproducing the heavy rain in Kinu watershed last September. We tried different microphysics, which 
describes the formation of cloud, to find one to reproduce the heavy rain in this case. The coverage, location of rain 
bands and distribution of heavy rainfall are applied to comparisons between calculations and observations by C-
band radar. We found no Microphysics does well in this case and the area of heavy rain is underestimated by WRF, 
but the accumulated precipitation is overestimated. Detail insight at microphysics and modification are required. 
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1. Introduction 
 Historically, heavy rain events have become a major source of meteorological disasters around the globe. 
Contemporary climate change presents one of the most pressing challenges for human society [1]. One of the major 
concerns with a potential change in climate is that an increase in extreme events will occur [2]. Heavy rain events 
affect not only the disaster management but also water resource management. 
During 7-11th September 2015, widespread heavy rainfall was recorded in Kinu watershed in Tochigi Prefecture. 
According to the report from Japan Institute of Country-ology and Engineering (JICE), 618.5 mm rainfall between 
1800 UTC, 7th and 0600 UTC, 11th September was observed by Ikari rain-gauge station in Nikko City, Tochigi 
Prefecture. And very heavy rain of 62.0 mm/hour was observed at 0117 UTC on 10th September in the same rain-
gauge station. On September 10th, Kinu River burst its banks during the torrent. 
It is widely recognized that obtaining a reliable quantitative precipitation forecasting is not an easy task, rainfall 
being one of the most difficult elements of the hydrological cycle to forecast [3]. Because of a general lack of 
mesoscale observations of lower-tropospheric wind, temperature, and water vapor, it is challenging to document the 
mesoscale processes. 
 
2. Methodology 
2.1. Description of numerical model 
The Weather Research and Forecasting (WRF) Model is a next-generation mesoscale numerical weather 
prediction system designed for both atmospheric research and operational forecasting needs. The WRF system is a 
non-hydrostatic model (with a hydrostatic option) using terrain-following vertical coordinate based on hydrostatic 
pressure. The grid staggering is the Arakawa C-grid. The model uses higher-order numerics. This includes the 
Runge-Kutta 2nd- and 3rd-order time integration schemes, and 2nd- to 6th-order advection schemes in both 
horizontal and vertical directions. It uses a time-split step for acoustic and gravity-wave models. 
In present study, WRF ARW model (version: 3.7.1) with the grid resolution of 3.333 km is used to reproduce the 
heavy rain event. The cloud physics and surface turbulence parameterizations play a pivotal role in simulating heavy 
precipitation events [4]. So, we used the default parameters despite microphysics. Kessler (1), Lin (Purdue) (2), 
WSM3 (3), WSM5 (4), Eta (Ferrier) (95), WSM6 (6), Goddard (7), Thompson (8), Milbrandt 2-mom (9), Morrison 
2-mom (10), CAM 5.1 (11), SBU-YLin (13), WDM5 (14), WDM6 (16) and NSSL 1-mom (19) microphysics 
schemes have been adapted during the sensitivity analysis.  
The WRF Preprocessing System (WPS) is a set of programs whose collective role is to prepare input data to the 
main program WRF ARW. The coverage area of the domains are shown as Fig. 1. A coarse domain with 30 km grid 
resolution, two nesting domain with 10 km and 3.333 km grid resolution separately. In domain03, there are 
boundaries of two watersheds. The larger one is Tone Watershed and the smaller one is Kinu watershed. The 
topographic data is obtained from USGS land covers data set. 1ox1o horizontal resolution NCEP Final Analysis 
(FNL from GFS) (ds083.2) data have been provided at every 6 hours as input. Real-time, global, sea surface 
temperature (RTG_SST) data with 0.5 degree resolution from NCEP is also used during the calculation. Run time of 
the model is started at 0000 UTC 9th and ended at 0000 UTC 10th September. The model used to simulate 
convective rain and non-convective rain is run under 40 sigma levels in the vertical direction from the ground to the 
5000 Pa. Visualization software NCL is used to display the precipitation from the WRF output. 
We compared the calculation results with the observation results, at four aspects: coverage of heavy rain bands; 
location of rain bands; timing of rain bands’ arrival to Kinu watershed, and amount of rainfall. 
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2.2. Observation by C-band radar 
Japan Meteorological Agency (JMA) operates a network of 20 C-band Doppler weather radars across Japan to 
observe the distribution of rainfall intensity and wind in terms of radial velocity. The weather radars have an 
observation range of 300 km with the 1 km observation grid resolution. 
Precipitation density at 2330 UTC 9th September was observed by radar, which is shown in Fig. 2. 
 
3. Results and discussions 
3.1. Sensitivity analysis of microphysics 
We run the model using 15 different microphysics and compared the results with observation by C-band radar. 
The model run time is between 0000 UTC 9th and 0000 UTC 10th September. We chose precipitation density at 
2330 UTC 9th September, because the time is close to the heaviest precipitation density.  
From Fig. 3, if we focus on the weak rain represented by cadet blue, we can know there are almost no differences 
among the results from different microphysics. However, the shape and location of rain bands are quite different 
from calculations using different microphysics.  
3.2. Shape of rain bands 
About the shape of rain bands, results from Lin (Purdue) (2), WSM3 (3), WSM5 (4), WSM6 (6), Thompson (8), 
Milbrandt 2-mom (9), SBU-YLin (13), WDM6 (16) and NSSL 1-mom (19) microphysics are similar. They have 
two main rain bands almost parallel, with short but continuous west ones and intermittent, fragmentary east ones. 
Calculations from Kessler (1), Eta (Ferrier) (5), WDM5 (14) also have two main rain bans with long and continuous 
west ones, unlike the mentioned shape above. Goddard (7), Morrison 2-mom (10), CAM 5.1 (11) microphysics give 
us one main rain band, which is similar to the observation by radar. So different microphysics result in different 
 
Fig. 1. WPS domain configuration 
 
 
 
Fig. 2. Precipitation density (mm/h) by C-band radar  
at 2330 UTC on 9th Sep. 
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shapes of rain bands and Goddard (7), Morrison 2-mom (10), CAM 5.1 (11) microphysics have a better reflection on 
the reproduction of rain bands’ shape. 
 
    
    
    
   
 
Fig. 3. Precipitation density of different microphysics at 2330 UTC on 9th Sep. by WRF 
 Kessler (1), Lin (Purdue) (2), WSM3 (3), WSM5 (4), Eta (Ferrier) (95), WSM6 (6), Goddard (7), Thompson (8), Milbrandt 2-mom (9), Morrison 
2-mom (10), CAM 5.1 (11), SBU-YLin (13), WDM5 (14), WDM6 (16) and NSSL 1-mom (19) 
9 10 11 13 
14 16 19 
92   Tao Lu et al. /  Procedia Engineering  154 ( 2016 )  88 – 93 
3.3. Location of rain bands and distribution of heavy rain density and amount 
We compared the location of rain bands. Most of the results from WRF model have a main rain band about 60 
km west to the observed main rain band. For a detail insight, we focused on the three microphysics that are better at 
reproducing the shape of rain bands. At 2330 UTC on 9th September, the shape of ran band from CAM 5.1 (11) is 
much close to observations by radar. On the other heavy rain bands from Goddard (7), Morrison 2-mom (10) are 
already above Kinu watershed, however rain band calculated based on CAM 5.1 (11) haven’t arrived in the 
watershed.  
Goddard (7) and Morrison 2-mom (10) microphysics have a good reproduction of the shape and location of rain 
bands in this event. 
The dark orange colour represents precipitation density between 50-100 mm/hour. The heavy rain areas outputted 
from WRF model are much smaller than radar observations. Rainfall is a result of interaction between dynamics, 
thermodynamics and microphysics [5]. And thermodynamics and microphysics also have a close relationship 
because of phase change of water. Most of the calculations show that in this event heavy rain occurs in the southern 
part of rain band, including the results from Goddard (7), Morrison 2-mom (10). However heavy rain from CAM 5.1 
(11) occurs in the northern part of rain band, which is consistent with the observation by radar. 
Fig.4. shows the accumulated precipitation in 24 hours from two different microphysics calculation and 
observation from radar. Both of Goddard (7) and Morrison 2-mom (10) which does well in reproducing shape and 
location of rain band have a biased distribution of heavy rain amount. And even though WRF provides 
underestimated precipitation density, the calculation overestimated accumulated precipitation in some place. 
 
Fig. 4. Accumulated precipitation of two microphysics: Goddard (7), Morrison 2-mom (10) at 2330 UTC on 9th Sep. by WRF  
and observation by radar at the same standard. 
 
4. Conclusion 
We are trying to use WRF model to reproduce the heavy rain event occurring in Kinu watershed in September 
2015, which is the first step to provide a reliable tool for real-time disaster and water management. Calculations with 
high resolution of 3.333 km horizontal grid spacing and 15 different microphysics have been conducted. 
Different microphysics result in different shapes of rain bands and Goddard (7), Morrison 2-mom (10), CAM 5.1 
(11) microphysics have a better reflection on the reproduction of rain bands’ shape. Compared with precipitation 
density observed by radar, most of the results from microphysics cannot reproduce the right location of heavy rain 
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bands, except Goddard (7), Morrison 2-mom (10) microphysics. Although Goddard (7), Morrison 2-mom (10) can 
reproduce the location well, they show us that the most of the heavy rain occurs in the southern of rain bands, which 
is in consistent with observations. Calculations in this study show that WRF underestimate precipitation density, but 
overestimate accumulated precipitation in some place. Meanwhile, the area of heavy rain is underestimated by WRF 
calculation. None of the 15 Microphysics is good at reproducing the heavy rain in Kinu watershed, so far. Detail 
insight at microphysics and modification are required. And other parameterizations should be examined thoroughly. 
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